Nowadays, many researchers have been studying on the layered rock salt-type structure as cathode materials for the lithium ion batteries. LiCoO 2 is the most commonly used cathode material but Co is costly and toxic. Thus, alternative cathode materials which are cheaper, safer and having higher capacity are required. Replacing Co with Ni offered higher energy density battery but it raised interlayer mixing or cation disorder that impedes electrochemical properties of batteries. This paper has reviewed some recent research works that have been done to produce better and safer cathode materials from the structural perspective.
Introduction
Lithium-ion batteries are usually consist of a carbon material as the negative electrode (anode) material, complex lithium oxides containing a transition metal oxide as the positive electrode (cathode) material and organic solvent as electrolyte between these two electrodes [1] .
The cell is in the discharge state when it is constructed. When it is charged, lithium ions move from the positive electrode to the negative electrode through the electrolyte while the electrons move from the positive electrode to the negative electrode through the external circuit. Generally, the cells voltage will become higher as the potential of the cathode rises and that of anode is lowered during charging. The cell is discharged by the connection of a load between the positive and negative electrodes. In this case, the lithium ions and electrons move in opposite directions when discharging. As a result, electrical energy is obtained. Fig. 1 illustrates the principle of the lithium-ion battery [1] . Fig. 1 : Principle of lithium-ion battery [1] .
Generally, layered rock salt structures, spinel structures and olivine structures are the current interest crystal structure of cathode materials. The examples of cathode materials with their crystallographic properties are listed in Table 1 [2, 3] . The most commonly used cathode material in lithium ion batteries is LiCoO 2 , which in fact is still the most used for the commercial production [2] .
LiCoO 2 forms the α-NaFeO 2 structure, which is a distorted rock-structure where the cations order in alternating (1 1 1) planes. This ordering results in trigonal structure (R-3m). Apart from that, this ordering also results in planes of lithium ions so that lithiation and delithiation can occur [3] . Fig. 2 shows the structure of LiCoO 2 with a cubic close-packed oxygen array providing a twodimensional network of edge-shared CoO 6 octahedra (blue) for the lithium ions [4] .
Alternatives are being developed to lower cost and improve stability because cobalt is less available, and thus more costly than other transition metals such as manganese, nickel and iron. Moreover, LiCoO 2 is not as stable as other potential electrode materials and can undergo performance degradation or failure when overcharged [5] [6] [7] . Cobalt is dissolved in the electrolyte when the electrode is delithiated during charging [8] , such that less lithium can be intercalated during discharge. Besides that, the CoO 2 layer formed after full delithiation shears from the electrode surface [9] , which also results in less capacity for lithium intercalation. 
Lithium Nickel Oxide, LiNiO 2
Another promising cathode material is LiNiO 2 , which also forms the α-NaFeO 2 structure, is lower in cost and has a higher energy density (15% higher by volume, 20% higher by weight). However, it is less stable and less ordered as compared to LiCoO 2 . Therefore, it has not been pursued in the pure state as a cathode material for battery [2] . The main reason is that synthesised LiNiO 2 often suffer from interlayer mixing or in other words, cation mixing or cation disorder which means that some Ni 2+ ions move to 3a sites of the Li layer and the corresponding Li + ions go into the 3b site of the Ni
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2nd International Conference on Sustainable Materials (ICoSM 2013) layer due to similarity in their ionic radii (Li + = 0.76 Å, Ni 2+ = 0.69 Å) [10] [11] [12] . The electrochemical properties of such LiNiO 2 are very poor because the nickel ions which partially occupying the lithium sites in the layered structure impede the diffusion of lithium ions [13] .
The crystal quality of the synthesised LiNiO 2 can be determined by measuring the integrated intensity ratio of the (003) to the (104) peak. As the I (003) / I (104) ratio decreased, the cation mixing increased because the I (003) / I (104) ratio indicates the formation of the cubic LiNiO 2 structure which is due to the displacement of nickel ions into the lithium layer [13] .
Studies have been done by many researchers showing that substitution of many different elements such as manganese, iron, cobalt, and magnesium can bring impact to the layered-ness of the structure [14] [15] [16] . Only cobalt shows positive effect and this will be discussed in the next section.
Studies have shown that the cobalt substituted LiNiO 2 are more stable. This is shown by Zhecheva et al. [16] who have investigated the effect Co substitution on the Ni 3+ content. They found out that as cobalt concentration increased, the amount of interlayer mixing decreased. Hence, the migration of nickel to the lithium site was suppressed by cobalt.
Furthermore, Pouillerie et al. [17] have shown that the presence of a very small amount of magnesium in cobalt-substituted lithium nickelate decrease the capacity fading to a large extent. Due to the difference in ionic radius between Mg 2+ and Ni 4+ ions, the Mg 2+ ions are destabilized within the slabs and then migrate to the interslab space during the charge process. As a result of this change in cationic distribution, the variation of the cell parameters upon cycling is significantly reduced, which limits the de-cohesion between crystallites, which are responsible for local electrode damages and for capacity fading.
As mentioned before, due to limited availability of cobalt and its toxicity, researchers suggested other metals such as manganese, chromium, magnesium, titanium, iron and aluminium [18] which is less toxic to replace cobalt. However, manganese caught the interest of most researchers.
Lithium Nickel-Manganese Oxide, LiNi 1-x Mn x O 2
The early studies on LiNi 1-x Mn x O 2 (0.1≤ x≤ 0.5) were done by Rossen et al. [19] in year 1992. They have shown that interlayer mixing and formation of Mn 4+ occur as the amount of Mn increased. These deeply affect the electrochemical deintercalation of Li from LiNi 1-x Mn x O 2 . Electrochemical measurements that they have reported showed poor reversibility and low capacities.
However, Spahr et al. [20] have reinvestigated this material and reported a high capacity and reversibility in the x=0.5 for LiNi 1-x Mn x O 2 . The materials obtained best cycling stability when the calcination temperature was at 700 °C.
Kang et al. [21] reported that if this composition was prepared at 1000 °C, it exhibited low capacity of around 120 mAh/g at 0.1 mA/cm 2 . The capacity has increased to around 140 mAh/g when the compounds are doped by cobalt. Thus, they suggested that the synthesis temperature of 1000 °C may be too high and probably contributes to excess nickel in the lithium layer.
There were some reports stated that addition of cobalt in the LiNi 1-x Mn x O 2 system can reduce the level of the nickel in the lithium layer, thereby reducing the structural instability of LiNi 1-
x Mn x O 2 [22] [23] [24] . Mixed nickel-manganese-cobalt compounds, LiNi 1-x-y Mn x Co y O 2 were first reported by Liu et al. [22] in 1999 and Yoshio et al. [23] in 2000.
Liu et al. [22] prepared LiNi 1-x-y Mn x Co y O 2 by mixed hydroxide method. They have reported that lattice parameter a, c and the unit cell volume are found to decrease with increasing of x in The discharge capacities found was greater than 155 mAh/g. They suggested that the optimum heating temperatures were 850 °C for y=0-0.1 and 900 °C for y=0.2-0.3.
Sun et al. [24] have evaluated the impact of Co and Mn ratio on the structure. They revealed that by increasing Co content, both lattice parameters of a and c decreased simultaneously. Hexagonality and cation ordering between Li + and Ni 2+ were significantly improved by increasing the amount of Co.
For the mixed transition metal layered compound with composition of LiNi 0.4 Mn 0.4 Co 0.2 O 2 has attracted the attention of a few researchers and they have come out with quite pleasant result. [25] [26] [27] In the year 2003, Ngala et al. [25] reported that the transition metal disorder is suppressed by increasing the cobalt content and increased by increasing the nickel content. They showed that there is no correlation with the manganese content. They also found out that the optimum synthesis temperature for the material is in the range of 800 -900°C, beyond this temperature range will leads to nickel migration into the lithium sites. Recently, Bie et al. [26] have reinvestigated the same composition by using co-precipitate method and came out with a lower degree of Li + /Ni 2+ cation disorder (3.64%) compared to previous the results (4.4%) reported by Ma et al. [27] .
Further reduction of cobalt content to 0.1 does not give any significant effect on the electrochemical capacity was reported by Xiao et al. [28, 29] . They reported that with constant cobalt content which is 0.1, increasing the manganese content from 0.45 to 0.5 will slightly decrease the cation disorder from 6.2 % to 5.7%. However, when manganese content is more than 0.5, a spinel impurity phase is formed. In the recent past, Idris et al. [30] have proven that the degree of cation ordering and oxygen non-stoichiometry are influenced by the synthesis condition ie temperature and oxygen partial pressure in the atmosphere. It is shown that the degree of interlayer mixing in this particular composition, LiNi 0.8 Mn 0.1 Co 0.1 O 2-δ may be controlled by the degree of oxygen non-stoichiometry. Hence further studies are required in order to determine how the degree of oxygen non-stoichiometry may vary in other compositions.
Summary/Conclusion
It is a challenge to improve the performance of cathode materials. Although there are several promising cathode materials which can provide high voltages and good capacities, there are drawbacks in stabilizing the desired crystal structure, especially during delithiation. Last but not least, reducing interlayer mixing of the cathode materials by further developments in the fabrication processes will be required.
